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The existence of biological rhythms, the cardiac and respira-
tory rhythms, the longer rhythms of the female sexual cycle, the
very rhythm of life itself, marked as it is by youth, maturity,
old age and death, is so much a part of common knowledge that
for a relatively long period biological rhythms were taken for
granted and escaped detailed, scientific investigation. Recently,
however, the problem of rhythms has begun to interest many
investigators in diverse fields. It has been approached from such
varied angles as physiology, histology, endocrinology, and even
radiology. Since the basis of life itself is the cell, it is possible
that the source of many biological rhythms may be metabolic
or growth processes inherent in the cell itself. Indeed it seems
reasonable to assume that some biologic rhythms may be de-
pendent upon a fundamental rhythm of cell division, mitotic
rhythm.
Mitotic rhythms have been studied in plants by a number of
investigators. Studies of mitosis in growing root tips are com-
paratively easy and environmental conditions such as tempera-
ture, nutriment, light and darkness, are readily controlled.
The table at top of page 290 shows the results obtained by a
number of investigators, using different species of plants.
Studies of mitotic rhythm in animals and especially in mam-
mals have been few, possibly because of the difficulties which
surround the problem. As Blumenfeld (5) has pointed out, "re-
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WORKER PLANT STUDIED MAXIMUM NUMBER
Karsten (1)
Kellicott (2)
Stâlfelt (3)
Karsten (1)
Friesner (4)
Karsten (1)
Spirogyra (a green alga)
Allium (onion)
Pisum sedativum (pea)
Zea mais (corn)
Numerous seedlings and roots
from germinating bulbs
Vicia faba (Windsor bean)
12-midnight
11 p.m. 7 a.m.
9—11 am. 9—11 p.m.
Night Day
Usually 3 oscillations in
24 hours
No rhythm demonstrable
moval of an organ, part of an organ, or a few cells to an artificial
medium makes direct observation feasible, but it eliminates the
influence of the rest of the organism, which is of obvious impor-
tance in normal mitotic activity. Direct microscopic observation
of parts of living organisms is reduced in value by the limited
areas which can be studied, and by the abnormal conditions which
are sometimes created."
Significant studies upon mitotic rhythms in mammals have
been made by four investigators, Fortuyn-Van Leyden (6, 7),
Ortiz Picón (8), Carleton (9) and Blumenfeld (5). Fortuyn-
Van Leyden, using six new-born kittens, killed them at 4-hour
intervals on the second day of life, and counted the number of
mitoses seen in sections of the cornea, small intestine, liver, lymph
node, thymus, spleen and bone marrow, and in spreads of the
mesentery. Her method of obtaining an index of mitotic ac-
tivity was to count from 2500 to 10,000 nuclei, and note the num-
ber that were in mitosis. Mitoses were so few and difficult to
recognize in the liver that she omitted it from further considera-
tion. The following table summarizes her work on the other
organs which she studied.
ORGANS STUDIED MAXIMUM MINIMUM
Mesentery 2:30 a.m. 10:30 a.m.
Crypts of Lieberkuhn 10:30 p.m. 10:30 a.m.
Thymus 10:30 p.m.—2:00 am. 10:30 a.m.
Lymph Node 10:30 p.m.—2:00 a.m. 10:30 a.m.
Spleen 10:30 p.m.—2:00 a.m. 10:30 a.m.
Bone marrow 10:30 p.m.—2:00 am. 2:30 p.m.
Cornea 10:30 p.m. 10:30 a.m.
Crypts of Lieberkuhn (mouse)
2 wks 10:30 a.m. 2:30 a.m.
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This work is open to criticism because only six animals were
used.
Ortiz Picôn (8) studied mitotic activity in the skin of the white
mouse. He used the skin from the lumbar region of six animals
grouped in three pairs. One mouse from each pair was killed
at noon, the others at 7 p.m., 8 p.m., and midnight. An index of
mitotic activity was obtained by counting all the mitoses in 1 sq.
mm. of skin. Mitoses in the epidermis were more than three
times as numerous in the mice killed at noon as in those killed
at night. His results, also, are subject to the criticism of too
few samples.
Carleton (9) reported studies of mitotic activity in the epider-
mis and epithelial cells of the hair follicles of 48 mice, killed from
8 hours to 7 days after birth. She used eight litters of six mice
each, and killed the members of each litter at 4-hour intervals,
beginning at 12 noon. Five thousand cells were counted in each
specimen. The per cent of cells in mitosis was considered an
index of mitotic activity. The results indicated that mitotic
activity was greatest at 8 p.m. and least at 12 noon. To deter-
mine the role played by light and darkness in the production of
this rhythm, one group of mice was exposed to continuous light
and another to continuous darkness, and similar counts made
upon pieces of skin removed from the abdomen. Carleton found
that the periodicity is destroyed by continuous exposure to light;
but not by continuous darkness.
In December, 1938, Blumenfeld (5) published a paper on peri-
odic and rhythmic activity in the kidney of the albino rat. This
is perhaps the most impressive study of mitotic rhythm that has
been made. He studied the cortex of the left kidney of 96 28-day
old male rats. Each two-hour interval over the twenty-four
hours was represented by 8 rats. As an index of mitotic activity
the number of mitoses in 1000 fields was counted. He found that
mitotic activity was greatest from 2 p.m. to 4 p.m., and least
from 10 p.m. to midnight. Biometric studies showed that the
mean level of mitotic activity was significantly greater during
the day (8 a.m. to 8 p.m.) than during the night (8 p.m. to 8
a.m.).
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To the best of our knowledge no studies similar to those in
plants and animals have been made on humans—probably be-
cause of the difficulty encountered in obtaining suitable material,
that is, comparable pieces of tissue from patients in a uniform age
group, and also because of the difficulty incident to removing
tissue at all hours of the night and day.
Since the skin is the easiest tissue from which to obtain biop-
sies, we decided to attempt a study of mitotic rhythm in the
human epidermis. The relatively small number of mitoses that
can usually be found in sections of normal human skin is striking,
particularly in view of the fact that the skin is an actively re-
generating structure. As a general rule, the sections of skin in
which mitosis has been studied, have been secured by biopsy or
by operation during the day time. Consequently, the question
arises whether more mitoses might not be observed in skin ob-
tained during the night, when, perhaps, cell division is occurring
at a different rate than during the day.
MATERIALS AND METHODS
The normal skin covering the prepuce of infants, which is re-
moved at circumcision, was selected as the best type of skin for
experimental study. It provides a homogeneous series coming
from individuals of approximately the same age (6 to 11 days),
of the same sex, and living under practically identical environ-
mental conditions (intra-hospital period of post partum life).
Immediately after circumcision, the prepuce was placed in a one
per cent solution of acetic acid and allowed to remain in this
fluid for 24 hours. It was then possible to separate completely
the layer of epidermis from the underlying dermis. This sep-
arated layer of epithelium was stained in toto with Ehrlich's
hematoxylin, dehydrated in alcohol, cleared in oil of wintergreen
and xylol, and mounted in balsam with the inner surface up.
To check the efficiency of this method in removing the entire
epidermis, the corium and subcutaneous tissue remaining after
the epidermis had been removed was dehydrated, cleared, em-
bedded in paraffin and sectioned in the usual way. No traces of
epidermis were found in the sections, thus proving that the
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separation of the two layers had been complete. In the mounts
of the epidermis mitoses were counted by using an oil immersion
lens and focusing through the various cell layers. In each speci-
men 5000 cells were counted in successive fields and the number of
cells in mitosis recorded.
The use of this technique in the preparation of specimens was
felt to be of distinct advantage, since it afforded an opportunity
to study the epidermis in its entirety. Even in serial sections
it is sometimes difficult to determine whether the same mitotic
FIG. 1. PHOTOGRAPH OF LOWER SURFACE OF PIECE OF HUMAN EPIDERMIS
REMOVED lfl toto BY THE USE OF ACETIC ACID
figure is being encountered in successive sections, and this method
of whole skin study eliminates this difficulty. Moreover, Thur-
inger (10), studying skin from the prepuce of a 17-day old infant,
observed that there were what he designates as "growth-waves"
in the skin, that is, aggregations of mitotic figures extending
through an average of about ten serial sections of 10 microns in
thickness. The diameter of the largest field constituting these
"growth waves" was approximately 100 microns. He was able
to count as many as ten to fourteen figures under high power in a
294 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
single field through the center of a "growth wave," while toward
the periphery of these proliferative centers the number of figures
would taper off to zero. In our material we encountered similar
areas in which groups of cells were in division, although the
number of mitoses found in such waves or groups were smaller
and the areas between groups in which few or no mitoses were
present were also not as extensive. The use of a technique which
allowed one to study a portion of the epidermis as a fiat sheet
made the observance of such growth waves somewhat easier.
In the present study, which is a continuation of the work pre-
sented in a preliminary paper by Cooper and Schiff (11) in 1938,
skin was obtained from 57 infants.2 The specimens were ob-
tained at various hours of the day and night. At least one speci-
men was taken at each hour during the twenty-four, with the
exception of 6 p.m., when for reasons of hospital routine no speci-
men could he obtained. Five thousand or more cells were
counted in each piece of tissue and the number of mitoses en-
countered was recorded.
OBSERVATIONS
Table 1 shows the hours at which the pieces of skin studied
were removed, the number of cells counted in each specimen, the
number of mitoses encountered, and the per cent of cells in
division. This table indicates that the period of greatest mitotic
activity seems to lie between the hours of 9 and 10 at night and
the period of least activity between 5 and 10 in the morning.
The greatest number of mitoses found in any one specimen was
35, (5124 cells counted) in a piece of skin removed at 9:45 p.m.
The least number of mitoses noted was 7, (5000 cells counted) in
a specimen obtained at 10:25 a.m. Thus, from the point of
highest to the point of lowest activity, there was an interval of
approximately 12 hours. However, the lowest average number
of mitoses for any one hour was 9 at 5 a.m.
2 Of the cases studied, 49 were obtained from the St. Louis Maternity Hos-
pital, 5 from the St. Louis City Hospital, 1 from St. Luke's Hospital, 1 from the
Jewish Hospital, and 1 from Dc Paul Hospital. I wish to take this opportunity
to thank the personnel of these institutions to whom I am deeply indebted for
this helpful cooperation.
I also wish to thank Miss Helen Reller for assistance with the work.
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TABLE 1
GAY NIGHT
Case Num- Num- Per Case Num- Num- Per
Num- Time her of her of coot of Num- Time her of berof cent of
ber mitoses conted ujitosis her mitoses counted mitosis
1 7:30 a.m. 9 5012 .17 1 7:00 p.m. 27 5000 .54
2 7:30 am. 9 5004 .17 2 7:15 p.m. 31 5042 .61
3 7:30 a.m. 14 5046 .27 3 8.45 p.m. 23 5009 .45
4 7:30 a.m. 16 5034 .31 4 9:45 p.m. 35 5124 .68
5 8:30 a.m. 20 5002 .39 5 10:45 p.m. 31 5080 .61
6 8:45 a.m. 18 5004 .35 6 11:45 p.m. 25 5013 .49
7 9:00 am. 10 5152 .19 7 11:50 p.m. 23 5086 .45
8 9:00 a.m. 10 5000 .20 8 12:45 p.m. 23 5016 .45
9 9:00 am. 15 5000 .30 9 1:00 a.m. 18 5106 .35
10 9:00 a.m. 19 5006 .37 10 2:00 a.m. 14 5046 .27
11 9:30 a.m. 17 5000 .34 11 3:00 a.m. 13 5004 .25
12 9:30 a.m. 15 5014 .29 12 3:00 a.m. 16 5007 .31
13 9:30 a.m. 23 5000 .46 13 4:00 a.m. 28 5009 .55
14 9:40 a.m. 16 5000 .32 14 4:00 a.m. 9 5050 .17
15 9:45 a.m. 9 5000 .18 15 5:00 a.m. 9 5043 .17
16 10:00 a.m. 17 5000 .34 16 6:00 a.m. 21 5051 .41
17 10:25 a.m. 7 5000 .14
18 10:25 a.m. 10 5002 .19
19 10:30 a.m. 8 5068 .15
20 11:00 a.m. 10 5018 .19
21 11:00 a.m. 33 5012 .65
22 11:20 a.m. 14 5008 .27
23 11:30 a.m. 11 5000 .22
24 11:40 am. 28 5094 .54
25 11:40 a.m. 18 5025 .35
26 11:50 a.m. 18 5000 .36
27 12:15 p.m. 20 5095 .39
28 12:30 p.m. 23 5011 .45
29 12:45 p.m. 25 5015 .49
30 1:30 p.m. 22 5000 .44
31 1:30 p.m. 25 5007 .49
32 1:35 p.m. 27 5024 .53
33 2:00 p.m. 21 5009 .41
34 2:15 p.m. 31 5000 .62
35 2:15 p.m. 24 5000 .48
36 2:45 p.m. 31 5004 .61
37 3:00 p.m. 17 5092 .33
38 3:30 p.m. 11 5052 .21
39 4:25 p.m. 27 5002 .53
40 4:40 p.m. 28 5005 .55
41 4:55 p.m. 20 5010 .39
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Figure 2 presents graphically the data included in table 1.
The curve shows the average number of mitoses per 5000 cells
at each hour during the twenty-four. The individual cases are
indicated by black dots on either side of the curve. There are a
number of cases which diverge quite widely from the average and
no explanation for these differences has been found. They are
not due to the area of the foreskin used. The rate of mitosis in a
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given specimen seems to be constant, whether the counts are
made on the peripheral or on the proximal portion, on the dorsal
surface, or on the ventral surface near the raphe. The local
antiseptic used could hardly be a factor affecting the mitotic
rate, since the time elapsing between its application and the re-
moval of the skin and its fixation in one per cent acetic acid would
be insufficient to affect mitosis, even if the antiseptic penetrated
the skin. In the cases studied, temperature would seem to play
no role in affecting the rate of cell division, since the environ-
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mental conditions under which the infants are kept are constant.
A check was also made on the body temperature of a number of
the individuals included in the series. Their temperatures were
found to vary less than one degree. It would seem that the dif-
ferences in mitotic rates encountered must be inherent in the in-.
dividuals. Blumenfeld (5) has found similar variations in the
mitotic counts on the kidneys of rats.
A statistical study of the data, using standard biometric
methods, was made and the period from 7 a.m. to 7 p.m. was com-
pared with the period from 7 p.m. to 7 a.m. These periods cor-
respond approximately with the periods of daylight and darkness.
These data are presented in table 2. For the day period (7 a.m.
to 7 p.m.) the mean number of mitoses per 5000 cells was 16.34
0.35. During the night period (7 p.m. to 7 a.m.) the mean
TABLE 2
A statistical comparison of the mean number of mitoses per 5000 cells at
different portions of the 24-hour period
MUM- MEAN NUN- MEAN DWF. S RTIME BER P.E. TIME BEE P.E. P.E.
7 a.m.—7 p.m. 41 16.14 7 p.m.—7 am. 16 20.63 4.29 3.6
12(noon)—12(midnight) 22 23.41 12(midnight)—12(noon) 35 13.29 .45 10.12 .79 12.9
number of mitoses per 5000 cells was 20.63 1.17. The differ-
ence between the means for these two periods is 4.29 1.17.
The significance ratio (S.R.) which is an expression of the prob-
ability that an observed difference is due to the chance effects
of random sampling, is shown in the last column. The greater
the significance ratio, the less likely it is that the observed differ-
ence is accidental. The significance ratio for the difference
between the mean number of mitoses for the day and night period
is 3.6. A significance ratio of 3 or more is assumed to indicate
significance, because there is less than one chance in 20 that such
a difference could occur by chance. Thus, the mean number of
mitoses encountered per 5000 cells in the specimens collected
during the night, is significantly greater than the mean number of
mitoses per 5000 cells found in the specimens collected during
the day.
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It is evident from figure 1 that when the twenty-four hours are
divided into two twelve-hour periods, one extending from 12 noon
to 12 midnight, the other from 12 midnight to 12 noon, the dif-
ference in mitotic activity found in these two periods is even
greater than that for the periods of daylight and darkness. The
mean number of mitoses per 5000 cells for the period from 12
noon to 12 midnight is 23.41 0.65, that for the period from 12
midnight to 12 noon is 13.29 0.45. The difference between
these two means is 10.12 0.79. The significance ratio for this
difference is 12.9. Thus, the period of increase in mitotic ac-
tivity does not coincide exactly with the period of darkness.
DISCUSSION
At this time any single study of mitotic rhythm can hardly be
more than suggestive, but from the present study it would seem
that in the area of human epidermis studied a periodicity in
mitotic division exists. The rate of mitotic activity during the
night is significantly greater than that during the day, with the
peak of activity occurring between 9 and 10 p.m. The entire
period of greatest activity does not coincide, however, with the
period of darkness. The difference in the rate of division be-
tween the period from noon to midnight and the period from
midnight to noon, is of even greater statistical significance. The
curve is not a regular one, for there are minor peaks at 2 p.m.
and at 7 p.m., as well as at 4, 6 and 8 a.m., which cannot be ex-
plained on the basis of extrinsic factors. Nevertheless, the re-
suits are suggestive of an increase in mitotic activity during the
late afternoon and early evening, with a gradual decrease in ac-
tivity during the later part of the night, culminating in a lower
level of activity during the morning.
These results would agree in general with Fortuyn-Van Ley-
den's (6) observation in cats and with Carleton's (9) work on
mice. However, Fortuyn-Van Leyden (7) and Ortiz Picôn,
working on mice, and Blumenfeld (5) working on rats, obtained
opposite results, the greatest mitotic activity during the day and
the least at night. Results obtained by various investigators
are hardly comparable, since the kind and number of animals
used, the age of the animals, the organs studied, and external
MITOTIC RHYTHM IN HUMAN EPIDERMIS 299
conditions have varied so widely. However, most of the studies
made in plants and animals, and the present study on man, seem
to indicate that a diurnal rhythm in cell division does exist.
If this is a fundamental biological fact, it is of extreme interest,
since it may be a factor in the explanation of many physiologic
and metabolic problems.
SUMMARY
1. The rate of mitotic division was studied in the normal skin
of the prepuce, which is removed at circumcision, in 57 infants.
The specimens were obtained at intervals of an hour or less
throughout the twenty-four hour period. As an index of mitotic
activity 5000 cells were counted in each specimen and the number
of mitoses encountered recorded.
2. Mitotic activity was greatest between 9 and 10 p.m. and
least between 5 and 10 a.m.
3. A biometric analysis of the data shows that mitotic activity
during the night (7 p.m. to 7 a.m.) is significantly greater than
during the day (7 a.m. to 7 p.m.).
4. The increase in mitotic activity in the period from 12 noon
to 12 midnight, as compared with the period from 12 midnight to
12 noon, is of even greater statistical significance. Thus, the
period of increase of mitotic activity does not coincide exactly
with the onset of darkness.
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DISCUSSION
DR. EDMOND V. COWDRY, Saint Louis: This is the first time that convincing
evidence has been produced of the existence of mitotic rhythm in the epidermal
cells of the human skin. The method, of making whole mounts of the entire
epidermis, separated from the dermis, permits more accurate determinations than
the old technique of cutting and staining sections. Dr. Cooper can often tell at
a glance whether the count is to be high or low. We all probably have in mind
the possibility that in other parts of the body a similar rhythm may exist and that
radiosensitivity may be, to some extent, conditioned by it. This study of Dr.
Cooper will be the basis for many new and interesting lines of investigation.
Da. HAMILTON MONTGOMERY, Rochester, Minn.: Dr. Cooper's work is most
interesting and it requires a great deal of patience and perseverance to carry on a
work like she has done. I would like to see Dr. Cooper make further studies in
regard to mitotic rhythm in patients who are light sensitive or have a so-called
light sensitive eczema. These patients may vary in their reaction to different
wave lengths of light and may even be sensitive to infra-red wave lengths. These
patients cannot go out in the sunlight without developing a severe dermatitis
and are perfectly willing to submit to numerous biopsies if necessary to solve their
condition.
Dn. RICHARD S. WEISS, Saint Louis: One of the most important points that
this study suggests is whether or not the rhythm, which Dr. Cooper seems to have
proven, will play any practical part in the treatment of cancer.
Studies such as these, requiring a tremendous amount of patient observation,
do not have an immediate practical appeal. Nevertheless valuable practical
applications eventually may result. One significant indication occurs to me at
this time; that is, to study the effects of radiation upon the rhythm phases of
cancerous tissue. If mitotic rhythm occurs with any degree of regularity in can-
cerous tissue, shall we irradiate that tissue when most of the cells are in the resting
stage or during the stage of greatest activity.
I feel that Dr. Cooper's work opens up a field for future investigation, all the
implications of which cannot be foreseen at this time.
DR. ZOLA K. COOPER, Saint Louis: I think Dr. Montgomery's suggestion of
studying mitotic rhythm in cases of light sensitivity is very interesting. Up to
the present time I have studied only the normal skin of infants, but I hope to
employ this method in further studies on pathological conditions of the skin.
